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Evaluation of Volatile Organic Emissions
from Hazardous Waste Incinerators
by Richard M. Sedman* and John R. Esparza*
Conventional methodsofriskassessmenttypicallyemployedtoevaluatetheimpactofhazardouswasteincineratorson
public health must rely on somewhat speculative emissions estimates or on complicated and expensive sampling and
analytical m ods. Thelimitedamountofticologicalinformationconcerningmanyofthecompoundsdetectedinstack
emissionsalsocomplicatestheevaluationofthepublichealthimpactsofthesefacilities. Analternativeapproachaimed
atevaluatingthepublichealthimpactsassociatedwithvolatileorgnicstackem oispr edthatrdiesonascreening
criteriontoevaluatetotalstackhydrocarbonemissions. Iftheconcentrationofhydrocarbonsinambientairisbelowthe
screeningcriterion, volatileemissions fromtheincinerator arejudged notto poseasignificant threattopublic health.
BoththescreeningcriterionandaconventionalmethodofriskassessmentwereemployedtoevWaluatetheemissionsfrom
20incinerators. Useofthescreeningcriterionalwaysyieldedasubstantiagygreaterestimateofriskthanthatderivedby
theconventionalmethod. Sincetheuseofthescreeningcriterionalwaysyieldedestimatesofriskthatweregreaterthan
thatdetenninedbyconventionalmethodsandnmeringtotalbydrocarbonenimionsisarelativelysimpleanalytical pro-
cedure,theuseofthescreeningcriterionwouldappeartofilitatetheevaluationofoperating hazardouswasteincineratos
Introduction
Federal, State, andlocal statutes andregulations govern per-
mittinghazardous wasteincinerators inCalifornia(1-4). Federal
requirementsinclude a99.99% destructionandremovalefficien-
cy (DRE) for compounds that are difficult to incinerate, limits
ontheemissionsofparticulatesandHCI(I), andproposed con-
trols oncarbonmonoxide, totalhydrocarbon, andtheemission
ofcertainmetals(5).Californiarequirementsthat governpermit-
ting incinerators necessitate thepreparation ofanenvironmen-
tal impact reportthatincludes an assessmentoftheimpactofthe
proposedfacility onpublichealth(4). Localairdistrictsthathave
authority to regulate theoperation ofhazardous waste inciner-
ators (3) in California have required that a risk assessment be
performed before apermit to operate the facility is issued.
The requirement to undertake a risk assessment does not
necessarily ensurethatthefacility will notpose asignificantrisk
topublic health. Riskassessmentmethodology, whenapplied to
incineration technology, is extremely tenuous. Given the en-
vironment ofthe stack, emissions are difficult to sample and
characterize. As indicatedby theScienceAdvisoryPanel, only
alimitednumberofconstituentsemittedfromthestackhavebeen
"qualitatively orquantitatively identified" (6). Even ifa com-
pleteinventory ofthestackemissions wereascertained, littleis
known concerning the toxicity associated with many of the
constituents.
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In addition to the problems associated with identifying and
quantifying the risk associated with stack emissions, risk as-
sessments of hazardous waste incinerators generally do not
reflect the changing nature of wastes received at commercial
facilitiesandmay notaddresstheactualoperatingconditionsat
afacility. Duetoexpenseandtomajortechnicaldifficulties, the
routinemonitoringofstackemissions forhazardousconstituents
iscurrently impractical.
Given the difficulties ofevaluating the emissions of hazar-
dous substances using conventional risk assessment
methodology, several alternative approaches have been advanc-
ed as a method to screen out certain facilities that do not ap-
pear to pose a significant risk to public health (7-9). One ap-
proach employs a generic criterion to screen out facilities with
relatively low levels ofnoncarcinogenic stack emissions (7).
If the emission of any noncarcinogenic compound results in
an ambient air concentration below the generic screening
criterion, the compound is considered not to pose a significant
risk to public health.
Asecondalternativeapproachusesthecriteriaforthemostpo-
tent organic compounds identified in the stack emissions to
evaluatetheriskassociated with stackemissions (8). Using an
iterative procedure, the criterion for the most potent toxicant
identifiedinthestackemissionisfirstemployedtoevaluatethe
riskassociatedwiththeemissionsofallhydrocarbons. Ifsignifi-
cantriskisdemonstrated duetotheassumptionthatallhydrocar-
bonsareaspotentasthemostpotentidentifiedcompound, the
riskisquantified forthiscompoundaloneandalloftheremain-
ingcompoundsareevaluatedusingthecriterionforthenextmost
potentcompound. Theevaluationiscontinueduntiladetermina-
tion of whether the stack emissions pose a significant risk to
public health.SEDMANANDESPARZA
Recently, theEPAproposedcontrolsoncarbonmonoxideor
totalhydrocarbon(THC)stackemissionsfromhazardouswaste
incinerators to ensure that the emissions ofthe products ofin-
complete combustion (PICs) do notsignificantly impactpublic
health (9). Concerned that even ifan incinerator demonstrated
a 99.99% DRE, high levels ofPICs could be emitted from the
stack, the EPA proposed to control the emissions of PICs by
limitingCOorTHCemissions. StudiesbytheEPAindicatethat
when COemissions orTHC emissions arelow, PIC emissions
do not pose an unacceptable risk to public health. Since the
routine monitoring ofPIC emissions is currently impractical,
limitations on CO or THC were proposed to ensure that PIC
emissions do notadversely impactpublic health.
Undertherightcircumstances, anyoftheaforementioned pro-
cedurescouldsimplifytheevaluationofthepublichealthimpacts
associatedwithemissions ofhazardous substancesintoambient
air. Any alternative approach should, at a minimum, provide
estimatesofriskthatareasconservative asconventionalmethods
of risk assessment and should simplify the evaluation of the
health impacts of stack emissions from hazardous waste in-
cinerators orfacilitatetheroutinemonitoringofstackemissions.
Screening Criteria for Volatile Compounds
Several different sampling methods currently need to be
employedtodetectmetals,volatilecompounds, andsemivolatile
compoundsthatcomposemostoftheconstituentsemittedbyan
incinerator. Compounds captured by one sampling method
generallywillnotbecapturedbytheothermethods.Previouswork
hasdemonstratedthatsemivolatilecompoundsemittedfromthe
stacksofhazardouswasteincineratorsdonotposeasignificantrisk
to the public health (10). Therefore, the routine monitoring of
semivolatilecompoundsathazardouswasteincineratorsdoesnot
appear tobewarranted. Inthe samestudy, theemissionofcad-
miumandperhapschromiumappearedtoposeasignificantrisk
topublichealthatcertainfacilities. Therefore,monitoringofthe
emissionofmetalsfromhazardouswasteincineratorsshouldbe
targetedatthesemetalsandevaluatedusingconventionalmethods
ofriskassessment.
Volatilecompounds detected inthestackemissionsofhazar-
douswasteincineratorsmayincludenumeroussubstancesthatcan
poseasignificantrisktopublichealth.Thedevelopmentanduse
ofa screening criterion that should facilitate the evaluation of
volatilestackemissionsfromhazardouswasteincineratorsisthe
focusofthepresentstudy.
Methods
Three differentapproaches are described thatyield separate
candidate screening criteria for volatile compounds. All ofthe
candidatescreeningcriteriaarebasedonexistingambientairor
drinking watercriteria(Table 1).
ScreeningCriteriaBasedonAmbientAirCriteria
Overtheyears, theCaliforniaDepartmentofHealthServices
(DHS) andtheEPAhavedeveloped anumberofcriteriaaimed
atproviding amechanismtoevaluatethepublichealthimpacts
duetoexposureofhumanstotoxicantsreleasedintotheenviron-
ment. The useofthese criteria allow for aconsistent approach
forevaluatingthepublic health impacts ofreleasesoftoxicants
Thble 1. Criteria used todevelopscreeningcriteria.
Criteria Agency Reference
Applied action levels CA Department ofHealth Services (11)
Proposed maximum CA Department ofHealth Services (12)
contaminant levels
Aircriteria CA Department ofHealth Services (13)
Health advisories EPA Office ofDrinking Water (14)
Maximum containment EPA Office ofDrinking Water (15)
level goals
Health effects EPA Emergency and Remedial Response (16)
assessments
IRIS database EPA Office Research and Development (17)
Ambient water quality EPA Water Regulations and Standards (18)
criteria
Health assessment EPA Health Environmental Assessment (19)
documents
into the environment.
Having resulted from a number of different programs, the
bases behind these criteria are quite variable. Even different
programs within the same agency have employed different
approachestodevelopcriteria. Irrespectiveofthesedifferences,
thecriteriaweredevelopedforthesamepurpose, thatis, tocarry
outthe agency's mandateofprotecting public health.
Since these criteria were developed with a similar intended
use, theycanbeofvaluebyprovidingabasisforthedevelopment
ofascreeningcriterion. Existingambientaircriteriaprovidethe
basis ofthe first set of screening criteria. In order to be used
properly, adjustments to someofthe criteria are necessary.
Criteria from various agencies have been expressed using
severalformats. Somecriteriaareexpressedasaconcentration
ofatoxicant in the medium ofexposure (e.g., micrograms per
cubic meter ofair) or as a daily intake ofa toxicant from the
medium ofexposure (e.g., micrograms/day). Criteria that are
expressed as daily intake were transformed into criteria
expressed as a concentration in air by allocating the allowable
daily intake to20 m3 ofair.
Criteria for carcinogenic compounds have been expressed
usingdifferentformats. Somecriteriaareexpressedasapotency
factor (in units such as [milligrams/kilograms/day]-'), other
criteriaareexpressed astheconcentration ofthecarcinogen in
themediumofexposure associatedwith 10-6 risk. Criteria have
been reported as a range of concentrations in a medium
associated with various levels of risk. Other criteria are
expressed as a unit risk factor, i.e., the risk associated with
exposure to given level of the compound in the medium of
exposure (e.g., 1 Aug/m3). Toobtainthenecessaryuniformity in
the manner that the criteria are expressed, all criteria for
carcinogenic substances were transformed so that they are
expressedastheconcentrationofthecompoundinairassociated
with 106 risk.
Inadditiontohealth-based concerns, many otherconsidera-
tionshavebeenemployedinthedevelopmentofanumberofthe
criteria. Theseconsiderationsincludethetechnical feasibility of
achieving a health-based objective, economic considerations,
organolepticconsiderations, andanalytical detectioncapabili-
ties. Anumberofcriteriahavebeenestablishedatthelevelofan
existingstandard. Othercriteriahavebeenestablishedatthelevel
ofacriterionofasimilarcompound. Inthisinstance,equivalence
inthetoxicity andthepotency ofthetwo similarcompounds is
assumed.
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All existing criteria, except those based on an extrapolation
from a similarcompound, wereusedto develop the first setof
screening criteria. Evencriteriabasedprimarily onnonhealth
considerations or whose basis could not be ascertained were
used. Acriterionthatwasestablishedatthelevelofanexisting
standardorthatduplicatedthedevelopmentofanothercriterion
wasincluded, aslongasitappearedthatthecriterionwasbased
onanewindependentanalysis. Thesecriteriawereincludedbe-
causeitappearedthatthenewevaluationcouldhaveestablished
anyoneofthecriteriaatadifferentlevel, butinsteadreconfirmed
the basis oftheearliercriterion.
Criteria established atthe level ofa similarcompound were
excluded from the development of the candidate screening
criteria. The bases of these criteria were judged not to be
independentoftherelatedcompounds. Inclusionofthesecriteria
wouldhavedisproportionally weightedthosecriteriafromwhich
such anextrapolation occurred.
Screening Criteriafrom Ambient AirCriteria
Ambientaircriteriadevelopedbyvariousagencieswerefirst
segregated intothethreeclassesofcompounds associatedwith
stack sampling: metals, volatile compounds, and semivolatile
compounds. Criteriaforvolatilecompoundswerearrangedfrom
themostpotenttotheleastpotentcriteria. Themostpotent,95%
most potent, and 90% most potent criteria were selected to
compose the first setofcandidate screening criteria.
MaximumExposure Limits
The use of unmodified criteria would inevitably introduce
many nonhealth-basedconsiderationsintothedevelopmentofa
screening criterion. Should a screening criterion based on
unmodifiedcriteriabeemployedtoevaluatetheimpactofincin-
erators on the public health, the analysis would reflect these
nonhealth-based considerations. Therefore, a second set of
candidate screening criteria was developed from ambient air
criteriathatweremodified toreflectonlyhealth-based consid-
erations. A third set ofcandidate screening criteria was devel-
opedfrombothmodifiedambientairanddrinkingwatercriteria.
Allmodifications tothecriteriawereundertakenbyusingthe
documentation describing the bases of the criteria. All ad-
justments tothecriteriawereinstitutedtoreflectthesituationhad
onlyhealth-basedconsiderations beenemployedinthedevelop-
ment ofthe criteria. When insufficient or no information was
available that documented the derivation of a criterion, that
criterion wasexcluded. Acriterionthatwasnotbasedinparton
health consideration was also excluded.
Usingthebasisdocuments, whichdescribedthedevelopment
ofthe criteria, maximumexposure levels (MELs) were ascer-
tained. The MEL for a carcinogenic substance is the lifetime
daily exposure (micrograms/day) associated with a 10-6risk.
For all other compounds, the MEL is the maximum daily ex-
posure (micrograms/day) anticipated not to produce an
adverse effect. The MEL is the daily intake of the toxicant
from the medium of exposure and not the absorbed or
retained dose.
Thefundamental tenetingenerating aMELfrom acriterion
wastomakeasfewmodificationsaspossiblefromtheapproach
employedtodevelopthecriterion. ThederivationofaMELand
acriterionwereessentiallyidenticalformostofthecompounds.
A number of issues needed to be addressed to ensure that a
uniformapproachwasemployedindevelopingMELsfromthe
largenumberofavailablecriteria. They included:
a)Toxicokinetics: Toxicokineticconsiderationsarealwaysad-
dressedinthedevelopmentofacriterion, evenwhennospecific
information concerning toxicokinetics is available. The same
toxicokinetic considerations used to develop a criterion were
employedinthederivationofthe MEL.
b)Low-doseextrapolation: Forcarcinogenicsubstances, the
approachusedinthederivationofthecriterionwasemployedto
estimatethepotencyofthecompoundinthedevelopmentofthe
MEL.
c) Uncertainty factors: A wide range ofuncertainty factors
havebeenemployedinthedevelopmentofcriteria. Theidentical
uncertainty factorsthatwereusedtodevelopthecriterionwere
retained inthederivationofthe MEL.
d)Routeofexposureallotment: Thederivationofanumberof
criteriaincludetheassumptionthatonlyaportionofthetotalex-
posureiscontributedbythemediumofexposure. Forexample,
only20% ofthetotalexposuremaybeallocatedtodrinkingwater
whendevelopingacriterionforthatmedium. Theother80% of
thetotal exposure isassumed to occurfromothermediaofex-
posure. ThedevelopmentofMELsfromallcriteriaisbasedon
100% ofthetotal exposure being derived from the medium of
exposure.
e)Toxicendpoint: Thetoxicologicalendpointthatservedas
thebasisinthederivationofthecriterionwasusedtodevelopthe
MEL. Ifmorethanoneendpointwasdescribed, themostsen-
sitiveendpointwasselected. Themostsensitiveendpointwas
usually related to chronic exposure.
J) Medium of exposure: A number of criteria have been
developedassumingexposurefrommorethanonemediumofex-
posure. Forexample, AmbientWaterQualityCriteriaarebased
onexposuretothetoxicantbytheingestionofdrinkingwaterand
theconsumptionoffishthathavebeenexposedtothetoxicantin
ambient water. Since uniformity in the exposure scenario
underlying thevariouscriteriaisrequiredforthedevelopment
ofscreeningcriteria, theAmbientWaterQuality Criteriawere
adjustedtoreflectexposuredueonlytotheingestionofambient
water.
Asdescribedearlier, criteriahavebeenexpressedeitheras a
concentrationofthetoxicantinthemediumofexposureorasthe
daily intake fromthemediumofexposure. All MELs wereex-
pressed as thedaily intake from the mediumofexposure.
Candidate Screening CriteriafromMELs
Derived fromAmbientAirCriteria
TheMELsderivedfromambientaircriteriaweresegregated
into the three classes of compounds associated with stack
sampling: metals, volatile compounds; and semivolatile
compounds. MELsderived fromvolatilecompounds were ar-
rangedfromthemostpotenttotheleastpotentMEL. Themost
potent, the 95% most potent MEL, and the 90% most potent
MEL were selected as the second set of candidate screening
criteria.
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Candidate Screening Criteria from MELs
Derived from Ambient Air orDrinking Water
Criteria
The numberofambientaircriteria forvolatilecompoundsthat
areavailable toprovide abasis for a screening criterion is very
limited. Using MELsderived frombothdrinking watercriteria
orfromambientaircriteriawouldmarkedlyexpandthenumber
ofavailablecriteria. However, the useofdrinking watercriteria
as abasis forestablishing ascreeningcriteriaforexposuretotoxi-
cants in air introduces additional questions concerning the
technical defensibility ofthe screening criterion.
MELsderivedfrombothdfinking water orambientaircriteria
were segregated into thethree classes ofsubstances associated
with stack sampling: metals, volatile compounds, and semi-
volatile compounds. MELs derivedforvolatilecompounds were
orderedfromthemostpotenttotheleastpotentMEL. Themost
potent, 95% most potent, and 90% most potent MEL were
selected as the third set ofcandidate screening criteria.
Facilities
Over the past decade, a variety of different incineration
technologies havebeenevaluated primarily fortheirefficiency
in destroying hazardous wastes. The determination of the
destruction and removal efficiency for an incinerator involves
quantifying both the amount of certain difficult to incinerate
compounds that areinthewasteprocessedduring atrialburnand
the level ofthese compounds emitted from the stack. When a
variety of compounds are monitored during a trial burn, the
results fromthese studiesprovideusefuldataforcomparing an
evaluationoftheimpactofafacility onpublic healthbased on us-
ingscreeningcriteriawiththatbased onconventionalrisk assess-
ment methods.
Trialburns at20facilities werejudged tobesuitable forinclu-
sion in this study. Most types of incineration technology are
represented by these facilities (Table 2). The wastes processed
duringthe tests and the airpollution control equipment ateach
facility were quite variable (Table 3).
Table2. Hazardous waste incinertors.
Facility
American Cyanamid
Du Pont
Mitchell
Zapata
Trade Waste Incinerator
Rollins
Florida Solite
Rockwell
Chevron
Site B
Site C
Site D
Site F
Site G
EPA research
Dow
Ogden (Alaska)
Ogden (California)
Cincinnati, Ohio
Type ofUnit
Liquid injection
Liquid injection/rotary kiln
Liquid injection
Liquid injection
Liquid injection
Liquid injection/rotary kiln
Aggregate kiln
Lime kiln
Liquid injection
Industrial boiler
Industrial boiler
Industrial boiler
Industrial boiler
Industrial boiler
Liquid injection
Rotary kiln
Fluidized bed
Fluidized bed
Liquid injection
Reference
(20)
(20)
(20)
(20)
(20)
(21)
(22)
(23)
(24)
(25)
(25)
(25)
(25)
(25)
(26)
(27)
(28)
(29)
(30)
Table3. 1hstefeed andair pollutioncontrol equipmentoperating
at varioustrial burns.
Commercial Typeof Airpollution
Facility name offsite waste feed control device
American No Aniline and mono- None
Cyanamid
Du Pont
Mitchell
Zapata
Trade Waste
Incinerator
Site B
Site C
Site D
Site F
Site G
EPA research
Dow
Ogden
(Alaska)
Ogden
(California)
Rollins
nitrobenzene waste
No Liquid organic and
coke waste
Yes Liquid organics and
aqueous waste
No Varnishand lacquer
Yes Liquidorganic and
aqueous waste also
solids containing
chlordane and
hexachlorocyclopent-
adiene
Yes Alkyd resin wastewater
Yes Primarily a-methyl
styrene dimers and
phenolic/benzene
residues
Yes Solvents consisting
primarily of
methanol, toluene
andxylene
Yes Purge thinner from the
purging ofpaint spray
guns
Yes Highly halogenated
organics
No PCB-laden oil;
trade name Askarel
No Three types ofsolids:
substituted cellulose,
polyethylene wax,
and chlorinated
pyridine tars
No PCB-contaminated soil
No Acid refinery
sludge/sand
Yes Liquid organic and
solids containing
organics
Florida Solite Yes Liquidorganics in-
cluding solvents,
alcohols, ethers, still
bottoms and
chlorinated
hydrocarbons
Rockwell Yes Waste fuel consisting of
solvents, lacquer
thinners, alcohols,
still bottoms, paint
wastes, and
chlorinated
hydrocarbons
Chevron No Agricultural chemicals
and fuel additives
Quenchsectionfollowed
by a cycloneand HCI
scrubber system
None
None
Quenchsectionfollowed
by a venturi scrubber
and misteliminator
None
None
None
None
Dual scrubbercolumns
Venturi scrubber
followedby packed
scrubber, high-
efficiency particulate
filter, and carbon bed
absorber
Quenchsectionfollowed
by athree-stage
ionizing wet scrubber
Additionoflimestone
forthecontrol of
chloride acid gases, a
flue-gas cooler,
followed by a fabric
filter
Identical toOgden,
Alaska
Quenchsectionfollowed
by a saturator, packed
towercondensers,
and aventuri
scrubber
Cyclone section
followedby wet
scrubbers and a
knockout chamber
Radiatorcoolers
followed by aneight-
modulebaghouse
Quench section fol-
lowedby aventuri
scrubber, knockout
chamber, and mist
eliminator
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Stack Sampling andAnalytical Procedures
The levels ofvolatile organic compounds in stack gases in
thesestudies weredeterminedusing avolatileorganicsampling
train (VOST). Samples of stack gases were drawn through a
series oftenax traps andtenax/charcoal traps forapproximate-
ly20min. Typically, sixpairsoftraps werecollectedsequentially
during a run. Fieldblanks wereexposedtothe sameenvironment
at the time traps were inserted and replaced in the VOST ap-
paratus. All traps werethenspikedwithinternal standardsand
analyzedby gas chromatography/mass spectrometry.
Thelevelofeachconstituent wasdeterminedbysubtractingthe
level of toxicants in the blank from the level detected in the
samples. Asecondevaluationdidnotcorrectfortheleveloftox-
icantsdetected intheblank. Thecorrection forblankvaluesdid
not appreciably alter the estimate ofthe concentration oftox-
icants in stack emissions (data not shown).
Manytoxicants were notdetectedinall runsofatrialburn. In
runswhere atoxicant wasnotdetected, thetoxicant wasassumed
to be present at the detection limit for that run if it had been
detectedinanother runofthetrialburnornotpresentifthedetec-
tionlimit wasnotreported. Inthesecondevaluation, the concen-
tration ofacompound was assumed tobe zero in runs where it
was notdetected. Bothapproachesyieldedessentially the same
estimates ofthe concentration oftoxicants in stack emissions
(data not shown).
Oncetheconcentrationoftoxicantsinthestackemissions were
ascertained, theemission rates fromthestack wasderivedusing
thereportedstackexhaust gasflow rates. Theemission ratesof
the volatile compounds in combination with air dispersion
modeling was employed to estimatethepotential impactofthe
emissions on air quality.
AirDispersion Modeling
Gridded, fine-scale air dispersion modeling was performed
usingtheUNAMAP6versionoftheIndustrial SourceComplex
ShortTerm(ISCST) model. Eachincinerator wascentered in a
5-km squaregridwith receptors spaced 100 mapart. Thestack
emissionsfromeachfacility weremodeledbyassumingthatthe
incinerator waslocatedattwolocations inCalifornia: alarge ur-
ban area and a rural location. Meteorological data from Los
AngelesInternationalAirportandEdwardsAirForceBase were
employed to model the air emissions for the urban and rural
areas, respectively. Aruraldiffusionsetting wasemployedinthe
ISCSTmodelfortherurallocation, and anurbandiffusion set-
ting wasemployed tomodeltheurbanlocation. Themaximum
annual average concentration, as determined by airdispersion
modeling, was used to assess the risk associated with each
incinerator.
Determination ofRisk
The results ofthe air modeling were evaluated using both a
conventional method of risk assessment and the candidate
screeningcriteria. Theevaluationusing aconventionalmethod
ofrisk assessment focused on determining the risk associated
with exposure to volatile carcinogenic compounds. Each car-
cinogeniccompound wasevaluatedbyemployingthemost con-
servative identified ambient air criteria (when available) or a
MELderived from a drinking watercriterion. The individual
riskassociated with exposure to each carcinogenic compound
wascumulated todeterminethe aggregate riskassociated with
stackemissions [Eq. (1)]. Brominatedcompounds wereassumed
toexhibitthe sametoxicityandbeequivalentinpotency to com-
parablechlorinated compounds.
Aggregate Risk = E [compoundn] / criterioncmpoudn
(1)
Where [compoundn] = the maximumannual average concen-
trationofcompound nbased onairdispersion modeling.
The screening criteria were developed to evaluate the risk
associated with total volatile emissions. The criteria were
employed to evaluate the risk associated with total stack
hydrocarbon emissions [Eqs. (2) and (3)]. Total hydrocarbon
emissions, asmeasuredbyemploying aflameionizationdetec-
torbycumulatingtotal(FID)and asapproximatedsemi-volatile
andvolatilecompounds, werebothevaluated. Comparisons were
madebetweenestimatesofriskbased onboth measuresoftotal
hydrocarbon emissions and estimates based on conventional
methods ofrisk assessment.
Risk=[THCJ/Screening criteriaMELsfromambientaircriteria/20
(2)
Risk=[THC]/ScreeningcriteriaMELSfromambientairanddrinkingercriwria/20
(3)
Where[THC] = themaximumannualaverageconcentrationof
total hydrocarbonbasedonairdispersion modeling.
Results
Sevenhundredassortedhealth-basedcriteriawerecompiled
forthepurposeofevaluatingstackemissionsfromincinerators
using health-based screening criteria. Candidate screening
criteria werederived fromavailableambientaircriteria, from
MELsderivedfromambientaircriteria, orfromMELsderived
frombothambientairordrinkingwatercriteria. Themostpotent,
95% mostpotent, and90% mostpotentcriterionorMELwere
selectedtoconstitutethecandidatescreeningcriteria(Appendix,
TablesAl andA2).
The setofcandidate screening criteriabased onambient air
criteriawerevirtuallyidenticaltothesetofcandidatescreening
criteriabasedonMELsderivedfromambientaircriteria. There-
fore,onlytwosetsofscreeningcriterianeedtoexaminedtodeter-
mineiftheycanbeemployedtoevaluatethepublichealthimpacts
ofhazardous waste incinerators. Although developed using
somewhatdifferentapproaches, thescreeningcriteriabasedon
MELs or ambient air criteria arequite similar (Table 4). The
comparablescreeningcriterionineachgroupdifferedatmostby
33%.
Table4. Candidatescreening criteria forvolatilecompounds.'
Screening
criteria 100% 95% 90%
MEL, yg/dayb 0.0004 0.02 0.12
Criteria, 0.00002 0.0008 0.004
'Concentrationordaily intakeassociated with 10-6risk.
bScreeningcriteriabasedonmaximumexposurelevels(MELs)derivedfrom
ambientairordrinking watercriteria.
cScreeningcriteriabased onambientaircriteria.
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AlloftheMELsorambientaircriteriaselectedas screening
criteriaarebasedonthecarcinogenicactivityofthecompound.
Therefore, theevaluationofrisktothepublichealthassociated
with incinerator emissions using the screening criteria is ex-
pressed as ariskofdeveloping cancer.
ScreeningCriteriaBasedonMaximumExposure
LevelsDerivedfromAmbientAirorDrinking
WaterCriteria
The screening criteria based on MELs were employed to
evaluatetheresultsoftheairdispersionmodelingofemissions
fromvariousincinerators. Aconventionalmethodofriskassess-
mentwasemployedtoevaluatetheriskassociatedwithcarcino-
genicvolatilehydrocarbonemissions. Theevaluationwasunder-
takenforbothanurbancoastalenvironmental setting (Table5)
and a rural inland environment (Table6).
The estimates of risk derived by employing the screening
criteriavariedconsiderably. Theestimatesofriskrangedfrom
60,000 x 10-6forthe siteGincinerator, based onthemostpo-
tentMELandanurbanlocation, to0.004 x 10-6fortheOgden,
California, facility, basedonthe90% mostpotentMELandthe
facility being located in arural inlandenvironment.
Using 10-6riskofdevelopingcancerasabenchmark, therisk
associated with stack emissions as delineated by the various
screeningcriteriawerecompared. Basedonmeteorologicaldata
forarural setting, 18 ofthe 19 facilities evaluatedexceededthe
10-6levelofriskwhenthescreeningcriterionforthemostpotent
MELwasemployed. Ninefacilitiesexceededalevelof10-6risk
basedonthescreeningcriterionestablishedatthe95% mostpo-
tentMEL. Threefacilities exceededa 10-6riskusingthescreen-
ing criterion established atthe90% mostpotentMEL
Therisksassociatedwiththeincineratorsbasedonmeteoro-
logicaldatafromtheurbansettingwereconsiderablyhigherthan
those determined using data from the rural environment. All
Table 5. Risk associated with stack emissions from hazardous waste
incinerators locatedinanurbanenvironment.a
Facility
American Cyanamid
Du Pont
Mitchell
Zapata
Trade Waste Incinerator
Rollins
Florida Solite
Rockwell
Chevron
Site B
Site C
Site D
Site E
Site F
SiteG
EPA research
Dow
Ogden (Alaska)
Ogden (California)
100%
SOc
1,000
20
40
600
2,000
80
7
60
50
2,000
400
4,000
2,000
60,000
300
4,000
200
3
Screeningcriteriab
95%
1
20
0.4
0.7
10
40
2
0.1
1
1
40
8
80
40
1000
5
90
4
0.06
90%
0.2
4
0.06
0.1
2
7
0.3
0.02
0.2
0.2
6
1
10
6
200
1
20
0.6
0.01
Conventional
method
0.002
0.2
0.0009
0.005
0.09
0.9
0.00001
0.00005
0.02
0.005
0.07
0.4
0.3
4
0.06
0.3
0.003
0.0002
Table 6. Risk associated with stack emissions from hazardous waste
incinerators located inanruralenvironment.'
Screening criteriab Conventional
Facility 100% 95% 90% method
American Cyanamid 20C 0.5 0.08 0.001
DuPont 200 4 0.7 0.04
Mitchell 6 0.1 0.02 0.0003
Zapata 10 0.2 0.04 0.002
TradeWaste Incinerator 100 3 0.5 0.02
Rollins 500 9 2 0.2
Florida Solite 20 0.3 0.05 0.000002
Rockwell 2 0.04 0.01 0.00001
Chevron 10 0.3 0.04 0.004
Site B 20 0.4 0.06 -
Site C 100 2 0.4 0.0003
SiteD 100 2 0.3 0.02
SiteE 1000 20 4 0.1
SiteF 400 8 1 0.07
SiteG 20000 300 50 1
EPA research 70 1 0.3 0.02
Dow 900 20 3 0.06
Ogden(Alaska) 40 0.8 0.1 0.0007
Ogden(California) 1 0.03 0.004 0.00006
'Results based on air disperson modeling using Edwards Air Force Base
meteorologicaldata.
bScreeningcriteriaderivedfrommaximumexposurelevelsfrombothambient
airanddrinking watercriteria.
CResultsexpressed as risk (x 10-).
ofthe facilities exceeded a level of 10-6 risk using the screen-
ing criterion established at the most potent MEL. Twelve
facilities exceeded a level of risk of 10-6 when the screening
criterion established at the 95% most potent MEL was
employed. Eight facilities exceeded a level ofrisk of 10-6 using
ascreeningcriterionestablishedatthe90% mostpotentMEL.
Usingaconventionalmethodtoestimaterisk, onlytheemis-
sionsfromonefacilityandonlywhentheincineratorwaslocated
inanurbansettingdidtheriskexceed 10-6ofdevelopingcancer.
Inallinstancesthelevelofriskderivedbyemployinganyofthe
screeningcriteriamarkedlyexceededthelevelofriskderivedus-
ingaconventionalriskassessmentmethodology. Thelevelofrisk
estimatedby employingthe90% mostpotent MELalways ex-
ceededthelevelofriskdeterminedbyaconventionalmethodof
riskassessment.
All three screening criteria yielded estimates riskthat were
significantlyelevatedabovethatdetenminedbytheconventional
approach (chi square goodness offit,p < 0.05). Ofthe three
screeningcriteria, thelevelofriskdelineatedbythe90% most
potentMELmostcloselypredictedthelevelofriskesimatedby
aconventionalmethodofriskassessment(chisquaregoodness
offit).
ScreeningCriteriaBasedonAmbientAirCriteria
Estimates of risk employing screening criteria based on
FederalandCaliforniaambientaircriteriacloselyresembledthat
determinedbyusingscreeningcriteriabasedonMELs(datanot
shown). This result wasexpected, sinceboth setsofscreening
criteria are similar. Employing a level of 10-6 riskas abench-
mark, estimatesofriskatfourfacilitiesderivedbyemployinga
screeningcriteriabasedonambientaircriteriaslightlyexceed-
ed 10-6wherecomparableestimatesbasedonMELsdidnotex-
ceed 10-6risk.
Comparable to the evaluation based on screening criterion
'ResultsbasedonairdispersonmodelingusingLosAngelesIntnationalAir-
portmeteorological data.
bScreeningcriteriaderivedfronmaximumexposurelevelsfiombothambient
airanddrinking watercriteria.
CResultsexpressed as risk (x 10-).
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derivedfromMELs, estimatesofriskbasedonscreeningcriteria
derived from ambient air criteria always exceeded estimates
usingaconventional methodofriskassessment. Thescreening
criterion basedonthe90% mostpotentambientaircriteriaalso
yieldedthebestestimateofriskwhencomparedtothatderived
by aconventional methodofriskassessment (chi squaregood-
ness offit analysis).
Flame Ionization Detector
At a limited numberoffacilities, total hydrocarbons in stack
emissions were monitored using a flame ionization detector
(FID). Airdispersion modeling was usedtoestimatethe max-
imum annualaverageconcentration ofTHCadjacenttothe in-
cineratorassociatedwiththestackemissions. Theriskassociated
withTHCasdeterminedusinganFIDwerecomparedwiththat
approximatedbycumulatingvolatileandsemivolatilecompounds
emittedfromthestack(Table 7). TheriskbasedontotalTHCas
measured using anFIDexceededtheriskbasedonTHCasap-
proximatedbycumulatingvolatileandsemi-volatileemissionsby
anorderofmagnitude forallofthefacilities.
The feasibility ofachieving stack THC emissions associated
with 10-6 risk was investigated. Only one ofsevenincinerators
achievedTHCemissionsassociatedwitharisklevelof106based
ontheuseofthescreeningcriterion (Table 8). However, atfour
facilities, total hydrocarbons were notdetected, and therefore
couldhaveachievedalevelofemissionsassociatedwith 10-6risk.
OnlyattwofacilitiesdidthelevelsofTHCemissionssubstantially
exceed levelsassociatedwith 10-6risk.
Table 7. Riskassociated withstack total hydrocarbon (THC) emissions.
Risk (10-6)a
Volatiles and Ratio FID to
Facility FIDb semivolatilesc volatile + semivolatile
Trade Waste 5 0.5 10
Incineratord
Mitchelld < 2 0.02 100
Du Pontd 100 0.7 140
American Cyanamidd < 4 0.08 50
Zapatad < 4 0.04 100
Cincinnati' 7 0.01 700
Ogden (Alaska)d 1 0.1 10
DoWd 4000 3 1000
aRisk determined using screening criterion based on the 90% most potent
MELderived from both ambient airanddrinking water criteria.
"THC as determined using a flame ionizationdetector (FID).
CTHC asapproximated bycumulating volatile and semivolatile compounds.
dBased on air dispersion modeling using Edwards Air Force Base metero-
logical data.
'Based on modeling provided in the report.
Table8. Stack total hydrocarbon (THC) emissions associated
with 10' risk.a
Stack emissions Stackemissions
Facility (measured), ppmb 10-6risk, ppmc
Trade Waste Incinerator 2 0.4
Mitchell < 1 0.5
Du Pont 60 0.5
American Cyanamid < 1 0.3
Zapata < 1 0.3
Ogden 2 1
Dow 7 0.002
'Riskderivedbyemploying screening criteriaestablished atthe90% mostpo-
tentvolatilecompound, THCconcentration basedonmodelingusingEdwards
Air Force Basemeteorological data.
bTHC stack emission as measuredby a flame ionization detector.
CTHC stack emissions associated with 10-6 risk.
Discussion
Manydifficulties areusuallyencounteredinanevaluationof
thepublichealthimpactsassociatedwithemissionsfromhazar-
dous waste incinerators using conventional methods of risk
assessment. Conventionalmethodsrequiretheidentificationand
quantification ofchemical constituents instackemissions, anex-
tremelydifficultandexpensiveundertaking. Evenifanalytical
proceduresproperly characterizedvariousconstituents instack
emissions, thelackofhealth-basedcriteriaformanyofthethese
compounds complicates any evaluation ofthe risk associated
with ahazardous waste incinerator.
Theuseofascreeningcriteriontoassesstherisktothepublic
healthcouldalleviate manyoftheproblemsencountered when
employing conventional methods. Onlytotalhydrocarbon emis-
sions may need to be measured, instead ofthe technically dif-
ficultandcostlyprocedureofmeasuringtheindividualvolatile
hydrocarbons in stack emissions. This reduced requirement
could facilitate a more routinemonitoring ofstackemissions.
ScreeningCriteria
Varioushealth-based criteriadevelopedastheresultofawide
range of mandated California and Federal programs were
assembledtoprovidethebasisforthescreeningcriterion. This
universeofhealthbased-criteria wasassembledbecause it was
judgedtobestrepresentthediverse spectrumofchemicals that
couldbe encountered in waste streams generated by industrial
processes. Fromtheassembledcriteriaforvolatilecompounds,
three sets ofcandidate screening criteria weredeveloped.
The screening criteria were employed to evaluate total
hydrocarbonemissions. THC emissionsand nottheemissions
of volatile compounds were evaluated using the screening
criteria, eventhoughonlythevolatileconstituentswereofcon-
cern. Althoughtheevaluation formostofthefacilitiescouldhave
been limited tojust volatile compounds, the monitoring ofin-
dividualvolatilecompounds instackemissions isverydifficult.
Sinceithadpreviouslybeenshownthatsemivolatilecomponents
ofTHCdonotpresentasignificantthreattopublichealth(10),
an evaluation based on THC and not total volatile compounds
couldonly yield amoreconservativeestimate oftherisk.
Three setsofscreeningcriteriaweredevelopedascandidates
forascreeningcriterion. Onesetofcandidatescreeningcriteria
isbasedonessentiallyunmodifiedambientaircriteria. Theprin-
cipal advantage associate with this set ofcandidate screening
criteria is that existing criteria themselves provide a basis for
evaluating incinerators. Themajordisadvantage stemsfromthe
limitednumberofcriteriaavailablethatserveasthebasisforthe
screening criterion. Thisgroupofscreeningcriteria, basedon
thelimitnumberofavailableambientaircriteria, wasjudgedto
least represent the universe of chemicals found in hazardous
wastes.
Asecondgroupofcandidatescreeningcriteriawasgenerated
fromMELsderivedfromambientaircriteria. Themajoradvan-
tageassociatedwiththissetofcandidatescreeningcriteriaisthat
theMELsarebased solely onhealthconsiderations. Theprin-
cipaldisadvantageassociatedwiththissetofcriteriaisthatonly
alimitednumberofambientaircriteriaareavailabletoprovide
a basis for the screening criterion. Since this set ofscreening
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criteria wasvirtually identicaltothatderiveddirectly fromthe
ambient air criteria, no evaluation ofthe stack emissions was
undertaken.
AthirdsetofcandidatescreeningcriteriawasbasedonMELs
derivedfrombothambientairanddrinking watercriteria. The
advantage of this approach is that many more criteria are
available toprovidethebasis forthedevelopmentofscreening
criteria. This group of screening criteria was judged to best
represent theuniverse ofchemicals thatcanbeencountered in
hazardous wastes generated by various industries. The major
drawbackassociatedwiththis setofcriteriaisthatthedrinking
watercriteria, whichareusuallybasedonstudieswherethetoxi-
cantwasadministeredbyanoralroute, areemployedtoprovide
thebasisofascreeningcriterionforairtoxicants. Usingtoxici-
ty data developed from a different medium ofexposure is not
withoutprecedentsincemanycriteriaarebasedonstudieswhere
exposureoccurred by a route or in avehicledifferent from the
mediumofexposure. Problemscanarisewhenextrapolating tox-
icityinformationfromonemediumofexposuretoanother. Some
toxic effects observed following exposure to a toxicant in one
medium may not be observed following exposure to the same
toxicant in adifferentmedium.
With the understanding that toxicity can be influenced by
the route ofexposure, studies where exposure occurred by one
route have been employed to develop criteria for a different
medium. Differences in toxicokinetics should be addressed
when employing studies where exposure occurred from a dif-
ferent medium. Usually, differences in absorption are the ma-
jor concern, although differences in metabolism should be
investigated.
In general, ambient air criteria based on studies where the
toxicantwasadministeredbytheoral routewouldbeexpectedto
provideaconservativebasisforcriteriaaimedatevaluatinglong-
termexposuretotoxicants inair. Mostcriteriaarebasedonlow-
level, long-termexposurestotoxicants. Morecompleteabsorp-
tion wouldbegenerally beanticipated to result fromexposure
fromtheoralroutewhencomparedtoexposurebytheinhalation
route.
The more rapid absorption that would be expected follow-
ing exposure to a toxicant in air would be a major concern for
high levels ofexposure. The more rapid absorption resulting
from exposure to the toxicant in air could result in acute tox-
ic effects. However, these levels ofexposure are much greater
than the levels associated with criteria based on chronic tox-
icity. At the lower levels ofexposure associated with most of
the criteria developed to evaluate chronic exposure to tox-
icants, the total amount ofabsorption and not the rate of ab-
sorption is the critical issue in evaluating the potential impact
on public health.
Evaluating the Candidate Screening Criteria
Thetwosetsofcandidatescreeningcriteriawereemployedto
evaluateTHCstackemissions fromthevarioushazardous waste
incinerators. THC emissions were measured atonly a limited
number of facilities using an FID detector. Therefore, THC
emissionswereapproximatedbycumulatingtheemissionsofall
volatileandsemivolatilecompounds. Bothofthesemeasuresof
THC wereevaluated using thescreening criteria.
THC As Approximated byVolatiles and
Semivolatiles
Whileeachofthethreesetsofcandidatecriteriahaveadvan-
tagesanddisadvantages, allcouldbeemployedtoassesstheim-
pactofhazardouswasteincineratorsonthepublichealth. Asin-
dicatedearlier,any screeningcriterionshouldbeasconservative
inestimating thepublichealthimpactofanincineratorascon-
ventional approachesofriskassessmenttypically employedto
evaluatedthesefacilities. Useofthescreeningcriteriashouldalso
providesomeimportantadvantagesforevaluatinganincinerator
whencomparedtoaconventionalapproachofriskassessment.
Inordertodetermineifanyofthesescreeningcriteriafulfillthese
conditions, it was necessary to compare an evaluation of in-
cineratorsbasedonthescreeningcriteriawithaconventionalap-
proach to riskassessment.
Bothsetsofscreeningcriteriaalwaysyieldedestimatesofrisk
tothepublichealththatweremoreconservativethanaconven-
tional method ofrisk assessment. Two screening criteria, the
90% most potent MEL or the 90% most potent ambient air
criteria, providedthebestestimateofriskwhencomparedtoa
conventional method of risk assessment. Since the screening
criterionbased on MELscaptures amuchgreaterrangeofthe
universeofchemicalsemittedfromastack, thiscriterioniscon-
sideredtobethebestchoice foruseas a screeningcriterion.
Estimatesofriskbasedonthescreeningcriterionwouldalways
exceedthatdeterminedbyconventionalmethodsofriskassess-
mentifmostcompoundsemittedfromthestackarenomorepo-
tentthanthescreeningcriterion. Only ifcompounds morepo-
tentthanthescreeningcriterioncomposealargefractionofthe
total stack emissions would the use ofthe screening criterion
underestimate risk.
THC AsMeasuredby an FID
Estimates of risk based on THC as measured by an FID
were substantially greater than that based on detected volatile
and volatile emissions. Use of the FID yielded estimates of
risk an order of magnitude greater than that based on using
volatiles and semivolatiles. Very little information is available
describing the nature ofthe compounds detected by the FID
from the stack ofa hazardous waste incinerator. A trial burn
at the Dow incinerator focused on identifying all of the
organic constituents emitted from the stack. A large portion
of the organic emissions measured by the FID could be ac-
counted for by the semivolatile, methane, and in some ofthe
runs, ethylene (27) components of stack emissions. Other
volatile compounds accounted for less than 10% ofthe mass
of emissions detected by the FID.
The evaluation based on THC as measured by the FID
resultedinatleasta 10-foldincreaseintheestimateofriskwhen
comparedtothatbasedonTHCasapproximatedbyvolatileand
semivolatileemissions. Bothmethodsyieldedestimatesofrisk
considerably more conservativethanconventional methods of
risk assessment. Since the screening criterion is aimed at
evaluating the riskassociated with carcinogenic volatile emis-
sions, THC as measured by the FID may substantially over-
esfimaterisk,becausevolatilecarcinogenicemissionsareasmall
portionofthecompoundsdetectedby an FID.
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Sources ofUncertainty
Estimates of risk based on either employing a screening
criterion or aconventional methodofriskassessmentappearto
be influencedby the same sources ofuncertainty. Thedifficul-
tyofsamplinghazardous wasteincinerator stackemissions con-
tributes totheuncertaintyassociatedwithbothestimatesofrisk.
Many ofthe source tests were undertaken to demonstrate the
destructionandremovalefficiencyoftheincinerators. Therefore,
theanalyticalprocedures werenotdesignedtocomprehensive-
lycharacterize stackemissions. Theuncertaintyassociatedwith
theanalyticalproceduresinfluencedthenatureofthecompounds
detected and their respective emission rates, and, as a conse-
quence, influenced the estimates of risk associated with the
various incinerators.
Inadditiontotheuncertainly associatedwithidentifyingand
quantifying the emissions rates ofvarious compounds in stack
emissions, there are also the usual sources ofuncertainty
associated with estimating the risk associated with human ex-
posuretotoxicants. Thescreeningcriteriaemployedinthecurrent
study arebased on availablehealthbasedcriteriadevelopedby
DHSandEPA. Themethodsemployedtodevelopthesehealth-
based criteria are uncertain. Sources of uncertainty include
whethertheanimalstudies wereproperlydesigned,iftheanimal
studieswere adequatelyconducted,andhowoneselectsonestudy
asthebasisthecriterionwhenseveralareavailable. Othersources
ofuncertaintyincludehowtoselectanappropriatemethodofex-
trapolatingresultsinanimalsstudiestoestimatetheriskassociated
withhumanexposuresandwhatistheappropriatemathematical
modeltoextrapolateresultsathighdosestolowerexposurelevels.
Conclusion
Inthis study, whichevaluated20separateincinerators, the use
ofascreeningcriteriaprovided aconservativeestimateoftherisk
associatedwithhydrocarbonemissionswhencompared to a con-
ventionalmethodofriskassessment. Useofascreeningcriterion
would appeartosimplify theevaluationofmanyhazardous waste
incinerators and may facilitate the routine monitoring ofthese
facilities by using an FID to assure thatpublic health is not at
significant risk.
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Appendix
Table Al. Ambient aircriteria used to developscreening criteria.
Compound
N-Nitrosodiethylamine
Hydrazine
Acrylamide
Ethyleneoxide
1,3-Butadiene
1,2-Dibromoethane
Acrylonitrile
Ethylene oxide
Criteria, jig/m3 Agencya
0.00002 EPA/IRIS, 100%
0.0002 EPA/IRIS
0.0008 EPA/IRIS, 95%
0.003 HAD/EPA
0.004 EPA/IRIS, 90%
0.005 EPA/IRIS
0.01 EPA/IRIS
0.01 ARB
(Condnued)
Table Al. Contnued
Compound Criteria, jAg/m3 Agencya
l,l-Dichloroethylene 0.02 EPA/IRIS
1,1,2,2-Tetrachloroethane 0.02 EPA/IRIS
Carbon Tetrachloride 0.024 ARB
1,1-Dichloroethylene 0.024 HEA/EPA
Chloroform 0.04 HAD/EPA
1,2-Dichloroethane 0.04 HAD/EPA
Ethylenedichloride 0.049 ARB
1,1,2-Trichloroethane 0.06 EPA/IRIS
Carbontetrachloride 0.067 HAD/EPA
Carbon tetrachloride 0.07 EPA/IRIS
Acrylonitrile 0.07 HAD/EPA
Benzene 0.1 EPA/IRIS
Benzene 0.13 HEA/EPA
Vinyl chloride 0.14 HEA/EPA
Benzene 0.15 ARB
Dichloromethane 0.2 EPA/IRIS
Methylene chloride 0.24 HAD/EPA
Methylene chloride 0.24 HEA/EPA
Methylene chloride 0.29 ARB
Chloroform 0.43 AAL/TOXICS
Acetaldehyde 0.45 HAD/EPA
Acetaldehyde 0.5 EPA/IRIS
Trichloroethylene 0.6 HEA/EPA
Trichloroethylene 0.6 HAD/EPA
Chloroform 0.6 AAL/TOXICS
Epichlorhydrin 0.8 EPA/IRIS
Trichloroethylene 0.8 EPA/IRIS
Epichlorhydrin 0.83 HAD/EPA
Tetrachloroethylene 2.1 HAD/EPA
Benzene 3.2 AAL/TOXICS
Ethylene glycol monobutyl ether 56 HEA/EPA
Ethylene glycol monomethyl ether 85 HEA/EPA
Xylene 100 AAL/TOXICS
Ethylbenzene 140 AAL/TOXICS
Chlorobenzene 185 HEA/EPA
Toluene 200 AAL/TOXICS
Methyl ethyl ketone 250 AAL/TOXICS
1,1,-Trichlorethane 310 AAL/TOXICS
l,l-Dichloroethane 480 HEA/EPA
Methyl ethyl ketone 750 HEA/EPA
Toluene 2000 HEA/EPA
Propylene glycol monomethyl ether 2000 HEA/EPA
Xylene 4100 HEA/EPA
Acetone 10500 HEA/EPA
l,1,l-Trichloroethane 22000 HEA/EPA
'Abbreviations: EPA, Environmental Protection Agency; DHS, California
DepartmentofHealthServices; HEA, healtheffectsassessment; HAD, health
assessmentdocument; IRIS, IRISdatabase; AAL, applied action level; ARB,
California AirResources Boardairdocument.
TableA2. Maximumexposure levels (MELs) used to
developscreeningcriteria.
Compound
N-Nitrosodiethylamine
N-Nitrosodiethylamine
1,2-Dibromoethane
Ethylenedibromide
Diethylnitrosamine
Hydrazine
N-Nitroso-N-methylethylamine
N-Nitroso-N-propylamine
Acrylamide
Acrylamide
Acrylamide
Acrylamide
Vinyl chloride
Vlnyl chloride
Vinyl chloride
Media
Air
Water
Water
Water
Water
Air
Water
Water
Water
Air
Water
Water
Water
Water
Water
MEL, sg/m3
0.0004
0.0004
0.0008
0.001
0.0016
0.004
0.004
0.01
0.016
0.016
0.019
0.02
0.03
0.03
0.03
Agency!
EPA/RIS, 100%
EPA/IRIS
EPA/IRIS
MCLg/EPA
Ambientwater/EPA
EPA/IRIS
EPA/IRIS
EPA/IRIS
EPA/IRIS
EPA/IRIS
HA/EPA
MCLg/EPA, 95%
HA/EPA
HEA/EPA
MCLg/EPA
(Continued)
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Table A2. Continued
Compound Media MEL,Ag/m3 Agencya Compound Media MEL, jtg/m3 Agencya
DBCP
DBCP
Ethylene oxide
1,l-Dichloroethylene
1,3-Butadiene
1,2-Dibromoethane
Acrylonitrile
1,1-Dichloroethylene
Acrylonitrile
Acrylonitrile
Acrylonitrile
Ethyleneoxide
Tetrachloroethane
1,1,2,2-Tetrachloroethane
Chloroform
Benzene
1,3-Dichloropropene
1,1,2,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
l,l-Dichloroethylene
l,l-Dichloroethylene
1,l-Dichloroethylene
Carbon tetrachloride
Carbon tetrachloride
Carbontetrachloride
Carbon tetrachloride
Ethylenedichloride
Carbontetrachloride
Carbon tetrachloride
1,2-Dichloroethane
1,2-Dichloroethane
1,2-Dichloroethane
Carbontetrachloride
Chloroform
Chloroform
1,2-Dichloroethane
Chloroform
1,2-Dichloropropane
1,1,2-Trichloroane
1,1,2-Trichloroethane
1,2-Dichloropropane
1,2-Dichloroethane
1,1,2-Trichloroethane
1,1,2-Trichloroethane
Benzene
Carbon tetrachloride
Acrylonitrile
Tetrachloroethylene
Tetrachloroethylene
Benzene
Benzene
Tetrachloroethylene
Benzene
Carbon tetrachloride
Benzene
Tetrachloroethylene
Tetrachloroethylene
1,2-Dichloroethane
1,4-Dichlorobenzene
Benzene
Benzene
Benzene
Vinyl chloride
Benzene
Trichloroethylene
Vinyl chloride
Dichloromethane
Methylene chloride
Methylenechloride
Trichloroethylene
Water
Water
Air
Water
Air
Air
Water
Water
Water
Water
Air
Air
Water
Water
Water
Water
Water
Water
Air
Air
Air
Water
Air
Water
Water
Water
Air
Water
Water
Water
Air
Water
Water
Air
Water
Water
Water
Water
Water
Water
Water
Water
Air
Water
Air
Air
Air
Water
Water
Water
Water
Water
Water
Air
Water
Water
Water
Water
Water
Water
Air
Air
Air
Air
Water
Water
Air
Air
Air
Water
0.05
0.05
0.059
0.067
0.08
0.1
0.12
0.12
0.13
0.14
0.2
0.23
0.35
0.35
0.38
0.39
0.4
0.4
0.4
0.4
0.48
0.48
0.48
0.54
0.54
0.54
0.58
0.6
0.6
0.77
0.77
0.8
0.85
0.87
0.87
1.1
1.2
1.2
1.2
1.2
1.2
1.2
1.3
1.3
1.3
1.3
1.4
1.4
1.4
1.4
1.4
1.4
1.5
1.8
1.8
1.9
2
2
2
2.6
2.8
2.9
3.7
4
4
4.9
4.9
5.6
HA/EPA
MCLg/EPA
HAD/EPA
Ambientwater/EPA
EPA/IRIS
EPA/IRIS
EPA/IRIS
EPA/RIS, 90%
Ambientwater/EPA
HAD/EPA
EPA/IRIS
ARB
HEA/EPA
Ambientwater/EPA
Ambientwater/EPA
AAL/TOXICS
EPA/IRIS
EPA/IRIS
EPA/IRIS
EPA/IRIS
HEA/EPA
MCLg/EPA
ARB
HA/EPA
HEA/EPA
HAD/EPA
ARB
MCLg/EPA
EPA/IRIS
HAD/EPA
HAD/EPA
EPA/IRIS
Ambientwater/EPA
HAD/EPA
HAD/EPA
HEA/EPA
HEA/EPA
HA/EPA
HEA/EPA
Ambientwater/EPA
MCLg/EPA
MCLg/EPA
EPA/IRIS
EPA/IRIS
AAL/TOXICS
HAD/EPA
HAD/EPA
HAD/EPA
HA/EPA
Ambientwater/EPA
HA/EPA
MCLg/EPA
MCLg/EPA
EPA/IRIS
HEA/EPA
HEA/EPA
Ambientwater/EPA
Ambientwater/EPA
AL/DHS
EPA/IRIS
EPA/IRIS
HEA/EPA
HEA/EPA
ARB
HEA/EPA
Ambientwater/EPA
EPA/IRIS
HEA/EPA
HAD/EPA
HA/EPA
Trichloroethylene Water
Trichloroethylene Water
Methylenechloride Water
Methylenechloride Air
Trichloroethylene Water
1,4-Dioxane Water
Epichlorhydrin Water
Trichloroethylene Water
Epichlorhydrin Water
Epichlorohydrin Water
Epichlorhydrin Water
Methacrylonitrile Water
Chloroform Water
Chloroform Air
Acetaldehyde Air
Methylenechloride Water
Dichloromethane Water
Trichloroethylene Air
Trichloroethylene Air
Chloroform Water
Chloroform Water
Chloroform Air
Epichlorhydrin Air
Trichloroethylene Air
Epichlorhydrin Air
Molinate Water
Acetaldehyde Air
Tetrachloroethylene Air
l,l-Dichloroethylene Water
l,l-Dichloroethane Water
Pyridine Water
Bromomethane Water
Furan Water
Chloral Water
N,N-Dimethylaniline Water
cis- andtrans-Dichloroethylene Water
1,3-Dichloropropane
l,l-Dichloroethane
Furfiural
Molinate
Hydrogen sulfide
Chlorobenzene
Allylalcohol
1,2,3-Trichloropropane
Acetonitrile
Chloropicrin
1,1,1-Trichloroethane
1,1,1-Trichlorethane
Chlorobenzene
Xylene
1,2-Dichloroethylene
Decabromodiphenyl ether
1,4-Dibromobenzene
Tetrachloroethylene
l,l-Dichloroethane
1,2-, 1,4-Dichlorobenzene
Tetrachloroethylene
1,1,2-Trichloroethane
Acrolein
Chlorobenzene
1,1,2-Trichloroethane
Ethyleneglycol monobutyl
ether
tnzns-1,2-Dichloroethylene
Bromoform
Bromodichloromethane
Styrene
Dibromochloromethane
Ethylbenzene
Oxamyl
Ethylbenzene
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Air
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Water
Air
Water
Water
Water
Water
Water
Water
Water
Water
5.6
5.6
5.7
5.9
6
6
6
6
7
7.1
7.1
8
8.6
8.6
9.1
9.5
10
11.7
12
12
13
13
16
16
16.7
20
20
42
60
63
70
98
98
110
150
160
175
190
190
200
220
300
350
400
450
500
570
570
600
700
700
700
700
700
810
940
980
1000
1000
1000
1000
1120
1200
1250
1250
1400
1500
1600
1620
1680
Ambientwater/EPA
MCLg/EPA
HEA/EPA
ARB
HAD/EPA
EPA/IRIS
EPA/IRIS
EPA/IRIS
MCLg/EPA
HA/EPA
HAD/EPA
EPA/RIS
AAL/TOXICS
AAL/TOXICS
HAD/EPA
HAD/EPA
EPA/IRIS
HEA/EPA
HAD/EPA
EPA/RIS
AAL/TOXICS
AAL/TOXICS
EPA/RIS
EPA/RIS
HAD/EPA
PMCL/DHS
EPA/IRIS
HAD/EPA
AL/DHS
PMCL/DHS
EPAIRIS
EPA/IRIS
EPA/IRIS
EPA/IRIS
EPA/IRIS
AL/DHS
Ambientwater/EPA
AL/DHS
EPA/IRIS
PMCL/DHS
EPA/IRIS
AL/DHS
EPA/IRIS
EPA/IRIS
EPA/IRIS
AL/DHS
AAL/IOXICS
AAL/TOXICS
MCLg/EPA
HEA/EPA
MCLg/EPA
EPA/IRIS
EPA/IRIS
EPA/IRIS
HEA/EPA
Ambientwater/EPA
EPA/IRIS
AL/DHS
Ambientwater/EPA
HEA/EPA
PMCL/DHS
HEA/EPA
EPA/IRIS
EPA/IRIS
EPA/IRIS
MCLg/EPA
EPA/RIS
Ambientwater/EPA
HA/EPA
AAL/TOXICS
(Continued)
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Table A2. Continued
Compound Media MEL,A_g/m3 Agencya
Ethylene glycol monomethyl etherAir 1700 HEA/EPA
Methyl ethyl ketone Water 1720 HA/EPA
Xylene Water 2000 AAL/TOXICS
Xylene Air 2000 AAL/TIOXICS
1,1,1,2-Tetrachloroethane Water 2100 EPA/IRIS
Ethylbenzene Air 2800 AAL/TOXICS
Bromomethane Water 2800 Ambientwater/EPA
Methyl ethyl ketone Water 3200 EPA/IRIS
Methyl isobutel ketone Water 3500 EPA/IRIS
Methyl ethyl ketone Water 3530 AAL/TOXICS
Cumene Water 3600 EPA/IRIS
Chlorobenzene Air 3700 HEA/EPA
Toluene Water 4000 AAL/TOXICS
Toluene Air 4000 AAL/TOXICS
Methyl ethyl ketone Air 5000 AAL/TOXICS
Dichlorodifluoromethane Water 5600 Ambient water/EPA
Acrylic acid Water 5800 EPA/IRIS
Chlorobnezene Water 6300 HA/EPA
1,1,1-Trichloroethane Water 6300 EPA/IRIS
Xylene Water 6740 HA/EPA
Xylene Water 6740 MCLg/EPA
Ethylbenzene Water 6800 AL/DHS
Ethylbenzene Water 6800 HEA/EPA
Ethylbenzene Water 6800 HA/EPA
Ethylbenzene Water 6800 MCLg/EPA
Ethylbenzene Water 6800 EPA/IRIS
Acetone Water 7000 EPA/IRIS
Maleic anhydride Water 7000 EPA/IRIS
Nitric oxide Water 7000 EPA/IRIS
Chloromethane Water 7500 Ambient water/EPA
para-Dichlorobenzene Water 7500 HA/EPA
para-Dichlorobenzene Water 7500 MCLg/EPA
Carbon disulfide Water 7700 EPA/IRIS
1,1,1-Trichloroethane Water 8190 MCLg/EPA
N-Butanol Water 8750 EPA/IRIS
1,1-Dichloroethane Air 9700 HEA/EPA
Benzaldehyde Water 10000 EPA/IRIS
Dichlorodifluoromethane Water 11000 EPA/IRIS
Cyclohexylamine Water 13000 EPA/IRIS
Styrene Water 14000 HA/EPA
Styrene Water 14000 EPA/IRIS
Methyl ethyl ketone Air 15000 HEA/EPA
Toluene Water 20000 HEA/EPA
Toluene Water 20000 EPA/IRIS
Isobutyl alcohol Water 22000 EPA/IRIS
Trichlorofluoromethane Water 24000 EPA/IRIS
Methylene chloride Water 24800 Ambient water/EPA
Toluene Water 29500 Ambient water/EPA
Ethylene glycol monoethyl etherWater 32600 HEA/EPA
Diethyleneglycol monoethyl etherWater 34300 HEA/EPA
Caprolactam Water 35000 EPA/IRIS
Maleic hydrazine Water 35000 EPA/IRIS
Methanol Water 35000 EPA/IRIS
1,1,1-Trichloroethane Water 37500 Ambient water/EPA
Toluene Water 40000 HA/EPA
Toluene Air 40000 HEA/EPA
Propyleneglycol monomethylether Air 40000 HEA/EPA
Toluene Water 40000 MCLg/EPA
Ethyl acetate Water 63000 EPA/IRIS
Trichlorofluoromethane Water 64600 Ambient water/EPA
Xylene Air 82000 HEA/EPA
Xylenes Water 125000 EPA/IRIS
Ethylene glycol Water 140000 EPA/IRIS
Formic acid Water 140000 EPA/IRIS
Freon 113 Water 180000 AL/DHS
Acetone Air 209600 HEA/EPA
Cyclohexanone Water 320000 EPA/IRIS
1,1,1-Trichloroethane Water 375000 HEA/EPA
(Continued)
¶hbleA2. Continued
Compound Media MEL, ig/rM3 Agency'
1,l,l-Trichloroethane Air 442000 HEA/EPA
CFC-113 Water 999999 EPA/IRIS
aAbbreviations: EPA, Environmental Protection Agency; IRIS, iRIS data-
base; MCLg, maximum contaminantlevel goal; Ambient water, ambient water
criteriadocument; HA, healthadvisory; ARB, CaliforniaAirResources Board,
AirToxics Document; AAL, appliedactionlevels; HEA, healtheffects assess-
ment; HAD, healthassessmentdocument; PMCL, proposed maximumcontami-
nant level; DHS, California Department ofHealth Services.
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